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Low Impact Development

Potential Savings in Urbanized Southern 

California and SF Bay Area by 2020 

(increasing each year thereafter):

• 120,000 to 220,000+ acre-feet/year 

• 325,000 to 660,000 megawatt-hours/year  

• 142,000 to 288,000 metric tons of CO2 

equivalent/year
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Low Impact Development

Equivalent to:

• Water for approximately 1,000,000 people

• Electricity for more than 56,000 single 

family homes per year

• More than 52,000 cars off the road annually
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Impervious vs. Pervious Surfaces 

and Groundwater Recharge
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LID: Pollution Prevention & Water Quality
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Urban Stormwater Runoff: Impairment

Ballona Creek, Los Angeles (California Coastal 

Commission)

Los Angeles River (City of Los Angeles)
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Urban Stormwater Runoff: Pollutants

bacteria

heavy metals

pesticides
suspended 
solids

nutrients

trash
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Urban Stormwater Runoff: Causes

(James Krumm)

(transit-rider.com)

(californiacanadi

ans.blogspot.com)
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LID for Water Supply
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State Water Supply Sources

Lester Snow, California 

Department of Water Resources
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Montclair Basins 
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Courtesy of Bruce Ferguson

Infiltration Islands
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Infiltration Islands

Courtesy of Low Impact Development CenterCourtesy of Low Impact Development Center
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BioretentionBioretention
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Rain GardensRain Gardens
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California Water Supply Options



UC Santa Barbara, Bren School of 
Environmental Science and Management

Santa Ana Watershed
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Santa Ana River at Riverside



UC Santa Barbara, Bren School of 
Environmental Science and Management

Land Use in the Chino Basin
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Land-Use in the Chino Basin

Wildermuth Environmental 
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Stormwater Flows
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Impervious Surface in Coastal CA
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Impervious vs. Pervious Surfaces 

and Groundwater Recharge

City of Lincoln, NE, Watershed 

Management Division
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Sources of Water Supply
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Infiltration

City of Los Angeles/Haan-Fawn Chau

City of Los Angeles
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Rain Barrels / Cisterns

EPA / Abby Hall



UC Santa Barbara, Bren School of 
Environmental Science and Management

Quantifying the Opportunity 
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• Land Use:  Existing percentage of impervious 

surface and projected development rate for 

commercial and residential land use.

• Infiltration potential based on soil permeability 

and availability of site open space.

• Annual precipitation.

• Current groundwater use and potential for 

aquifer recharge or capture and reuse.

Steps in the Analysis
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• Land Use: incorporates only commercial and 

residential development, and not industrial, 

government, public use, or transportation.

only new and redevelopment, with limited 

application to retrofitting.  Does not include the 

existing built environment.

Constraints and Conservative Assumptions

• Includes only urbanized southern California and 

the San Francisco Bay Area; does not account for 

the rest of the state.
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• Accounts for areas of shallow groundwater or 

existing groundwater contamination in assessing 

infiltration potential.

• Accounts for the effects of evapotranspiration 

on infiltration.

• Assumes that capture will harvest water 

from rooftop surfaces only. 

• Does not consider loss rate from conveyance.

Constraints and Conservative Assumptions
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Land Use - Southern California
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Land Use - Southern California

Light Industrial and Manufacturing, Government, 

Public Use, and Transportation land uses account 

for an additional 40,000 acre-feet of water per 

year by 2020 in southern California alone. 
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Impervious Surface - Los Angeles

Areas of > 80% Impervious SurfaceAreas of > 80% Impervious Surface
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USDA Soil Classifications

A, B, and (with amendments) C Soils are 
suitable for infiltration
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Shallow Groundwater/Contamination

Water Reclamation District of Southern California 

Analysis assumes that 50% of Los 

Angeles County will augment water 

supplies through capture. 
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Rooftop Capture

Rooftop surface area averages 40-60% of an 

individual development site.



UC Santa Barbara, Bren School of 
Environmental Science and Management

Precipitation in Southern CaliforniaPrecipitation in Southern California
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Data and Calculations
MEAN

A SOILS A SOILS
Colleges and Universities 29.37 535.42 157.26 44.64 112.62 18.72 765.75 166.93 173.30 83.89 7.34 168.71 52.60
Commercial Storage 57.44 166.37 95.55 22.80 72.75 14.25 170.47 82.07 82.97 2.28 52.42 25.86
Duplexes, Triplexes and 2-or 3-Unit Condominiums and Townhouses 56.42 203.02 114.54 49.79 64.75 14.04 179.25 71.96 73.07 19.63 2.01 46.23 16.38
High-Density Single Family Residential 48.01 20,960.63 10,062.95 4,533.05 5,529.90 14.25 19503.64 6237.10 6376.76 2417.66 207.51 4772.73 1420.19
High-Rise Apartments and Condominiums 67.70 27.09 18.34 4.83 13.51 13.02 24.16 13.93 14.03 1.94 0.27 6.17 3.17
High-Rise Major Office Use 61.41 107.48 66.01 14.57 51.44 13.00 100.66 52.94 53.42 9.20 1.47 33.87 16.68
Hotels and Motels 61.66 246.28 151.86 29.66 122.19 12.62 227.72 122.03 123.11 20.95 3.37 77.60 38.45

Low- and Medium-Rise Major Office Use 62.44 742.78 463.75 108.62 355.14 13.72 725.06 385.74 389.18 61.90 10.18 234.05 121.55
Low-Density Single Family Residential 14.28 2,488.48 355.27 273.88 81.39 11.66 2151.49 75.12 97.49 473.26 24.64 566.63 17.10
Low-Rise Apartments, Condominiums, and Townhouses 61.30 2,526.03 1,548.53 492.19 1,056.34 13.92 2359.75 1164.33 1176.57 216.86 25.01 575.18 265.12
Medium-Rise Apartments and  Condominiums 70.13 447.22 313.62 68.36 245.26 13.22 417.31 256.64 258.23 29.64 4.43 101.83 58.44
Mixed Commercial and Industrial 61.74 133.20 82.24 22.78 59.46 14.88 136.88 70.02 70.70 1.82 41.97 22.06
Mixed Multi-Family Residential 60.46 177.47 107.30 73.18 34.13 16.59 144.20 44.82 45.87 15.57 1.76 40.41 10.21
Mixed Residential 63.27 1,345.49 851.32 331.35 519.97 13.31 1124.96 547.95 553.87 109.63 13.32 306.37 124.77
Mixed Urban 73.03 19.96 14.57 5.66 8.92 14.24 16.97 10.05 10.12 0.27 6.29 3.17
Modern Strip Development 63.17 1,493.75 943.64 362.15 581.49 13.44 1267.48 618.75 625.40 122.04 20.46 470.68 194.97
Non-Attended Public Parking Facilities 58.56 71.19 41.69 20.23 21.46 15.52 65.92 26.37 26.78 6.55 0.98 22.43 8.31
Older Strip Development 67.21 465.48 312.85 141.90 170.95 14.30 385.51 193.49 195.45 33.86 6.38 146.67 60.97

Park-and-Ride Lots 53.48 21.15 11.31 1.67 9.65 13.80 22.40 10.53 10.66 2.18 0.29 6.66 3.32
Regional Shopping Center 61.83 159.63 98.70 10.90 87.80 13.45 166.66 93.46 94.20 13.52 2.19 50.30 29.45
Research and Development 70.33 243.78 171.45 11.82 159.63 13.20 255.18 166.84 167.69 16.05 3.34 76.82 52.57
Retail Centers (Non-Strip With Contiguous Interconnected Off-Stree 64.23 599.48 385.05 91.94 293.11 14.32 605.85 332.39 335.16 47.57 8.21 188.89 104.74
Schools (not Colleges) 41.63 1,837.70 765.03 174.30 590.73 14.07 1950.11 657.92 671.50 237.97 25.18 579.06 207.31
Skyscrapers 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trailer Parks and Mobile Home Courts, High-Density 53.43 315.53 168.59 22.45 146.14 15.31 374.03 177.17 179.20
Under Construction 30.04 971.03 291.67 64.65 227.02 9.99 754.32 179.49 185.59
Wholesaling and Warehousing 58.08 326.99 189.93 29.24 160.69 16.57 411.07 210.76 212.80 4.48 103.04 66.41
B SOILS B SOILS
Colleges and Universities 45.43 3,658.86 1,662.19 336.33 1,325.86 15.31 4237.80 1606.54 1683.72 50.13 1152.91 506.22

Commercial Storage 62.61 1,142.12 715.11 141.03 574.08 14.78 1232.92 671.67 687.60 15.65 359.88 211.64
Duplexes, Triplexes and 2-or 3-Unit Condominiums and Townhouses 55.26 1,929.69 1,066.42 411.95 654.47 15.42 1950.06 798.84 832.45 191.52 19.10 439.39 181.90
High-Density Single Family Residential 50.10 258,165.10 129,346.91 50,623.28 78,723.63 15.40 266402.41 95997.79 101008.46 28578.42 2555.83 58784.19 21858.70
High-Rise Apartments and Condominiums 58.67 379.85 222.87 82.88 139.99 14.81 366.44 164.10 169.97 34.83 3.76 86.49 37.37
High-Rise Major Office Use 58.82 582.12 342.38 142.56 199.82 15.26 558.90 241.37 250.61 53.19 7.98 183.43 76.06
Hotels and Motels 62.47 993.94 620.89 180.08 440.81 14.72 998.31 513.67 527.54 13.62 313.19 161.86
Low- and Medium-Rise Major Office Use 65.86 5,860.79 3,859.77 985.29 2,874.48 15.21 6177.91 3460.24 3537.07 80.29 1846.73 1090.32
Low-Density Single Family Residential 17.78 21,043.41 3,742.02 2,396.42 1,345.60 15.90 24711.45 1694.06 2388.86 3838.33 208.33 4791.58 385.74
Low-Rise Apartments, Condominiums, and Townhouses 65.92 34,127.95 22,496.42 6,440.24 16,056.18 15.24 35165.92 19373.19 19820.85 2580.46 337.87 7770.93 4411.27
Medium-Rise Apartments and  Condominiums 66.76 2,449.87 1,635.48 461.03 1,174.45 14.99 2484.48 1393.78 1424.60 180.67 24.25 557.84 317.36
Mixed Commercial and Industrial 74.96 888.37 665.88 127.55 538.33 15.19 962.75 647.15 655.68 12.17 279.92 203.92

Mixed Multi-Family Residential 70.86 2,385.67 1,690.40 463.73 1,226.67 13.69 2192.53 1329.41 1353.44 154.24 23.62 543.22 302.71
Mixed Residential 67.82 23,602.83 16,007.09 4,689.54 11,317.55 14.02 22096.87 12561.45 12830.36 1685.12 233.67 5374.36 2860.24
Mixed Urban 76.14 618.18 470.66 173.27 297.39 14.05 520.83 330.73 335.97 8.47 194.79 104.21
Modern Strip Development 71.74 14,948.96 10,723.96 3,769.91 6,954.05 15.06 14030.44 8291.41 8452.09 937.32 204.80 4710.42 2612.62
Non-Attended Public Parking Facilities 68.13 506.98 345.43 107.31 238.11 15.10 503.08 284.74 290.90 35.84 6.95 159.75 89.72
Older Strip Development 75.30 7,330.15 5,519.62 2,250.74 3,268.88 15.74 6663.81 4074.10 4146.08 401.67 100.42 2309.73 1283.75
Park-and-Ride Lots 61.57 223.37 137.52 40.47 97.05 13.79 210.13 105.92 108.91 19.05 3.06 70.38 33.38
Regional Shopping Center 61.42 1,244.87 764.61 122.07 642.54 14.90 1393.75 757.71 775.78 106.55 17.05 392.26 238.76
Research and Development 58.85 581.47 342.19 36.42 305.76 15.94 724.00 385.84 395.47 53.09 7.97 183.22 121.58
Retail Centers (Non-Strip With Contiguous Interconnected Off-Stree 67.52 7,309.71 4,935.58 995.98 3,939.61 15.04 7910.64 4689.23 4779.37 526.70 100.14 2303.29 1477.58
Schools (not Colleges) 47.93 19,731.66 9,457.58 2,070.74 7,386.84 14.82 21816.53 8668.71 9053.31 2279.31 270.32 6217.45 2731.51
Skyscrapers 45.18 82.66 37.35 21.92 15.43 15.00 75.92 18.32 20.04 10.05 1.13 26.04 5.77

Trailer Parks and Mobile Home Courts, High-Density 63.18 3,439.03 2,172.88 471.14 1,701.74 14.43 3568.61 1943.87 1990.01
Under Construction 17.13 4,434.71 759.79 314.41 445.38 13.87 4760.76 488.88 617.56
Wholesaling and Warehousing 72.41 5,778.79 4,184.54 446.39 3,738.15 14.22 6319.74 4208.79 4266.04 79.17 1820.90 1326.19
C SOILS C SOILS
Colleges and Universities 33.13 931.35 308.51 67.63 240.88 15.81 1137.63 301.41 397.42 138.18 12.76 293.47 94.98
Commercial Storage 56.65 57.81 32.75 7.18 25.57 15.31 64.59 30.99 34.73 0.79 18.22 9.76
Duplexes, Triplexes and 2-or 3-Unit Condominiums and Townhouses 35.13 113.17 39.76 15.15 24.61 18.05 147.42 35.16 48.08 16.29 1.12 25.77 8.01
High-Density Single Family Residential 37.14 30,098.22 11,177.70 4,944.38 6,233.32 17.28 36229.08 8528.95 11718.05 4197.53 297.97 6853.37 1942.04

LAND USE GROUP
2007 Acres Est Imp Acres Road Acres

Imp Acres w/o 
Roads

Avg Annual 
Precip

Post-Development 
Total Runoff

Annual Precip    
(acre-feet)

Post Development 
Impervious Runoff

Dry Weather Low 
Estimate

Est. Annual Acres 
development

Est. Acres New 
Development 2030

New Post Devel. 
Runoff 2030

Dry weather runoff: 

0.152 gallons per minute per acre pervious surface 

New development by 2020: 

• SANDAG and Orange County new housing unit projections / 
breakdown of single family vs. multi-family residential needs.

• SCAG population projections ÷ est. persons per household

• Commercial space based on estimated workforce expansion

Redevelopment by 2020: 

• Average “loss rate” for residential buildings in U.S.

• 160 years, or 0.63% per year

• Average “loss rate” for commercial buildings in U.S.

• 70-75 years (100+ for office/university; 40 or less for retail 
sales), or 1.37% per year

Annual impervious runoff in 2020

Repeat calculations for development on D soils or 
with high % impervious surface

Calculate total impervious surface and rainfall 
generated runoff
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Findings

Potential Savings in Urbanized Southern 

California and SF Bay Area by 2020 

(increasing each year thereafter):

• 120,000 to 220,000+ acre-feet/year 



UC Santa Barbara, Bren School of 
Environmental Science and Management

Energy and GHG Benefits
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Energy Use for Water

California:

19%   electricity

33%   natural gas (non-power plant)
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Water 

Extraction & 

Conveyance

Water 

Treatment

End-Use

Agricultural

Residential

Commercial

Industrial

Water

Distribution

Wastewater 

Treatment

Wastewater 

Collection

Wastewater 

Discharge

Recycled Water 

Treatment

Recycled Water 

Distribution

Source

Source

Energy Inputs to Water SystemsEnergy Inputs to Water Systems
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State Water 

Project

State Water 

Project



UC Santa Barbara, Bren School of 
Environmental Science and Management

SWP Pumping 

Facilities

SWP Pumping 

Facilities
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Edmonston Pumping PlantEdmonston Pumping Plant
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Coastal BranchCoastal BranchCoastal BranchCoastal Branch

East BranchEast BranchEast BranchEast Branch

West BranchWest BranchWest BranchWest Branch

East Branch Extension, Phase East Branch Extension, Phase East Branch Extension, Phase East Branch Extension, Phase –––– 1A1A1A1A
(Operational as of September, 2002)

SWP Pumping Facilities
Incremental and Cumulative Energy Inputs and Generation

SWP Pumping Facilities
Incremental and Cumulative Energy Inputs and Generation
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Energy Intensity of Selected Water Supply Sources 

in Southern California
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Advanced Water TreatmentAdvanced Water Treatment
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Energy Intensity

Energy required to import water by source 
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Low Impact Development

Potential Savings in Urbanized Southern 

California and SF Bay Area by 2020 

(increasing each year thereafter):

• 120,000 to 220,000+ acre-feet/year 

• 325,000 to 660,000 megawatt-hours/year  

• 142,000 to 288,000 metric tons of CO2 

equivalent/year
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Low Impact Development

Equivalent to:

• Water for approximately 1,000,000 people

• Electricity for more than 56,000 single family 

homes per year

• More than 52,000 cars off the road annually

Does not take into account opportunity for use 

statewide or from industrial, government, public 

use, and transportation development.
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National Association of Home Builders:

Cost Efficient
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